CM 
< 

CM 

CO 
CM 



a. 

LU 



(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 1 231 214 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

14.08.2002 Bulletin 2002/33 

(21) Application number: 02002374.3 

(22) Date of filing: 31.01.2002 



(51) mtci 7: C07H 21/00, G01 N 33/483, 
G01 N 27/00 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NLPTSETR 

Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 01.02.2001 JP 2001025889 

(71 ) Applicant: Hitachi Software Engineering Co., Ltd. 
Yokohama-shi, Kanagawa 231-8475 (JP) 

(72) Inventors: 

• Sato, Keiichi, c/o Hitachi Software Eng. Co., Ltd. 
Yokohama-shi, Kanagawa 231-8475 (JP) 



• Tachibana, Mitsuhiro, 
Hitachi Software Eng. Co., Ltd 
Yokohama-shi, Kanagawa 231-8475 (JP) 

• Morita, Toshiki, Hitachi Software Eng. Co.,Ltd. 
Yokohama-shi, Kanagawa 231-8475 (JP) 

• Nakao, Motonao. Hitachi Software Eng. Co., Ltd. 
Yokohama-shi, Kanagawa 231-8475 (JP) 

(74) Representative: Liesegang, Roland, Dr.-lng. 
FORRESTER & BOEHMERT 
Pettenkoferstrasse 20-22 
80336 Munchen (DE) 



(54) Biopolymer detector 

(57) Disclosed is a biopolymer (DNA) detector ca- 
pable of performing overall analysis including an unre- 
acted sample without needing any complex work such 
as washing or the like. A DNA probe 65 is fixed to an 
electrode plate 22, and the electrode plate 22 is dis- 
placed by applying a DC voltage between electrode 
plates 22 and 23. Thus, sample DNA 63 to be detected 
can be separated. It becomes possible to obtain a clear- 
er result by performing analysis based on a ratio of an 
entire reaction system. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a biqpolymer s 
detector capable of detecting presence/absence of bi- 
opolymers such as DNA, RNA, protein or the like in a 
sample, and measuring a present amount or a concen- 
tration thereof. 

[0002] Atypical method of a conventional DNA detect io 
tion technology has been to modify DNA with a radioac- 
tive material, fluorescent dye or the like by using a radi- 
oactive isotope (Rl), fluorescence technology or the like, 
excite the DNA by an external stimulus : and then ob- 
serve its response based on light emission. A charge *5 
detection method has also been invented, which makes 
electrochemical determination by using intercalating 
agents specifically coupled to DNA double strands, and 
based on an oxidation reduction potential thereof. More- 
over, as a method which needs no modification or the 20 
like, a method making use of a surface plasmon reso- 
nance phenomenon has been available. Regarding a 
technology for fixing DNA to an electrode, a method us- 
ing a thiol-modified DNA probe or the like has been 
available, which utilizes an action in which a monomo- 25 
lecular film of a free thiol group at the tail end of the DNA 
forms itself on a full surface. 

SUMMARY OF THE INVENTION 

30 

[0003] Among the methods made available in the con- 
ventional DNA detection technology, it was necessary 
to modify the DNA in case of using the Rl or fluores- 
cence technology. 

[0004] The present invention provides a biopolymer 35 
(DNA) detector capable of performing direct detection 
by using the property of DNA without needing any mod- 
ification of the DNA. 

[0005] A biopolymer detector according to an aspect 
of the invention comprises: voltage supplying means for 40 
applying a voltage between two electrodes of a casing 
for housing biopolymers between the electrodes; and 
measuring means for measuring an electrical character- 
istic between the electrodes, alternatively a change in 
the electrical characteristic. 45 
[00061 A biopolymer detector according to another as- 
pect of the invention comprises: voltage supplying 
means for applying a voltage between two electrodes of 
a casing for housing biopolymers between the elec- 
trodes; electrode driving means for changing a distance so 
between the electrodes; and measuring means for 
measuring an electrical characteristic between the elec- 
trodes, alternatively a change in the electrical charac- 
teristic. 

[0007] The voltage supplying means can selectively 55 
supply AC or DC voltages, and can draw biopolymers 
to one or both of the electrodes. 
[0008] The measuring means can further includes 



2 

arithmetic processing means for calculating one select- 
ed from presence/absence of biopolymers between the 
electrodes, a present amount, a base length, a concen- 
tration, a rate of hybridization, and an amount of hybrid- 
ization based on a measuring result of the electrical 
characteristic, alternatively a change in the electrical; 
characteristic. Thus, various characteristic amounts of 
biopolymers can be measured. 

[0009] Heating means can be further provided for ap- 
plying heat to the electrodes to dissociate hybridized bi- 
opolymers between the electrodes into a single strand. 
Thus, the presence of complementary strand biopoly- 
mers and non-complementary strand biopolymers can 
be respectively detected. 

[0010] According to the detector of the invention, it is 
only necessary to inject sample DNA between the op- 
posing electrodes. According to this technology, since 
the amount of present DNA can be physically measured, 
a concentration or the like can also be measured . More- 
over, in the detector, by applying the external force of 
an electric field to the opposing electrodes, single^ 
strand probe DNA fixed to the electrode surface, and 
sample DNA that has not been hybridized are drawn to 
the electrode, to which the probe DNA is not fixed. Ac- 
cordingly, gene detection can be carried out without 
needing any washing. 

[0011] Furthermore, both reacted and unreacted 
samples are measured by employing the method of the 
invention. Thus, a clearer result can be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] 

FIG. 1 is a schematic diagram showing a configu- 
ration of a biopolymer detector 1 according to an 
embodiment of the present invention. 
FIGs. 2(a) to 2(c) are views, each showing a behav- 
ior of DNA 61 when a DC voltage is applied between 
electrode plates 22 and 23. 

FIGs. 3(a) and 3(b) are views, each showing a be- 
havior of DNA 62 when an AC voltage is applied 
between the electrode plates 22 and 23. 
FIGs. 4(a) to 4(f) are views, each showing a first 
detection example by the biopolymer detector 1 of 
the embodiment, to which DNA position control is 
applied. 

FIG. 5 is a view showing an example of a detection 
result obtained from an electrical characteristic be- 
tween the electrode plates 22 and 23, for example 
a result of measuring a current i flowing between 
the electrode plates 22 and 23, in the first detection 
example. 

FIGs. 6(a) to 6(d) are views, each showing a second 
detection example by the biopolymer detector 1 of 
the embodiment, to which the DNA position control 
is applied. 

FIG. 7 is a view showing an example of a detection 



EP1 231 214 A2 



BNSOCCID: <EP 1231214A2J_> 



3 



EP1 231 214 A2 



4 



result obtained from a result of measuring an elec- 
trical characteristic signal between the electrode 
plates 22 and 23 in the second detection example. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0013] Hereinafter, detailed description will be made 
for the preferred embodiment of the present invention 
with reference to the accompanying drawings. 
[0014] FIG. 1 is a schematic diagram showing a con- 
figuration of a biopolymer detector 1 according to the 
embodiment of the invention. 

[001 5] According to the embodiment, the biopolymer 
detector 1 roughly comprises a power supply unit 10, an 
electrode plate unit 20 ; a measuring unit 40, and a com- 
puter 50 as control means for controlling each of these 
sections. 

[0016] In the embodiment the power supply unit 10 
includes a DC power supply section 11 for generating a 
DC voltage, and an AC power supply section 1 2 for gen- 
erating an AC voltage. 

[0017] The power supply unit 1 0 selectively supplies/ 
cuts off a DC voltage or an AC voltage to the electrode 
plate unit 20 based on a control signal from voltage ap- 
plication control means 51 provided in the computer 50. 
[0018] The electrode plate unit 20 includes a pair of 
electrode plates 22 and 23 disposed opposite to each 
other in a cylinder-shaped casing 21 . A space in the cas- 
ing 21, which is defined between the electrode plates 
22 and 23, forms a solution reservoir 24 for storing a 
solution prepared by using later- described biopolymers 
as solutes. 

[0019] In the wall surface of the casing 21 around the 
solution reservoir 24, an opening 25 is formed for storing 
the solution in the solution reservoir 24, discharging the 
solution stored in the solution reservoir 24 to the outside 
thereof, or the like. 

[0020] The electrode plate 22 of one side is connected 
to the output of the above-described power supply unit 
10, while the electrode plate 23 of the other side is 
grounded in the embodiment. Thus, an electric circuitry 
including the electrode plate unit 20 as a circuit compo- 
nent is composed with respect to the power supply unit 
10. 

[0021] In FIG. 1, wires respectively connecting the 
power supply unit 10 with the electrode plate 22, and 
the electrode plate 23 with the ground are shown to be 
connected to the electrode plates 22 and 23 from the 
front sides (i.e., opposite sides) thereof through the 
opening 25 for convenience. In actual configuration, 
however, the wires are connected to the backsides or 
side faces of the electrode plates 22 and 23 not through 
the opening 25, but through another not-shown opening 
of the casing 21 , and no wires are disposed in the solu- 
tion reservoir 24. 

[0022] In the case of the electrode plate unit 20 of the 
embodiment, the electrode plate 22 of one side has its 



backside inseparably attached to a movable plate 26, 
which is provided in the casing 21 so as to be axially 
displaced. Thus, the electrode plate 22 is displaced in 
the united manner with the movable plate 26. On the 
5 other hand, the electrode plate 23 of the other side is 
attached to the bottom of the casing 21 of the backside 
thereof so as to be fixed through an attaching member 
27. Thus, the electrode plate 23 is prevented from being 
axially displaced in the casing 21 . 
10 [0023] A tip side of a rod 28 similarly provided in the 
casing 21 which is capable of axial displacement is con- 
nected to the backside of the movable plate 26, i.e., the 
surface of a side opposite the electrode plate 22. The 
base end side of the rod 28 is connected to the rotary 
15 shaft 31 a of a motor 31 (e.g., stepping motor or the like) 
through a rotation/linear motion conversion mechanism 
29 forconverting a rotational motion into a linear motion, 
and a deceleration mechanism 30 for decelerating the 
rotational motion. 

[0024] Here, for example, the deceleration mecha- 
nism 30 is composed of a gear connected to the roia r y 
shaft 31a of the motor 31 , and the rotational speed of 
the rotary shaft 31 a of the motor 31 is reduced at a pre- 
determined rate. A rotation/linear motion conversion 
mechanism 29 converts the rotational motion of the out- 
put shaft, not shown, of the deceleration mechanism 30 
into a linear motion in the axial direction of the casing 
21 . The rotation/linear motion conversion mechanism 
29 is composed of, for example, a cylindrical member 
rotated in a united manner with the not-shown output 
shaft of the deceleration mechanism 30, and having a 
screw part formed in its inner peripheral surface, and 
the base end side portion of the rod 28 having a. screw 
provided in the base end side outer peripheral surface 
to be engaged with the inner peripheral surface screw 
part of the cylindrical member. By engaging the base 
end side of the rod 28 with the cylindrical member, and 
rotating the cylindrical member while the rotation of the 
rod 28 is regulated, the rod 28 is moved back and forth 
according to the rotational direction thereof. In this case, 
the rotation of the motor 31 is transmitted through the 
deceleration mechanism 30 to the cylindrical member. 
Thus, even without any control of the rotational amount 
of the motor 31 by a small rotational amount unit, the 
rod 28 can be moved back and forth linearly by a small 
distance unit. The motor 31 is controlled for driving or 
rotation based on a control signal outputted from inter- 
electrode distance control means 52 provided in the 
computer 50. 

[0025] In addition, in the outer peripheral surface of 
the casing 21 around the solution reservoir 24, a heater 
32 is provided as heating means. The heater 32 oper- 
ates to heat a solution stored in the solution reservoir 24. 
[0026] The measuring unit 40 is connected into the 
electric circuitry including the electrode plate unit 20 as 
the circuit component, and adapted to measure an elec- 
trical characteristic, or a change in the electrical char- 
acteristic of the electric circuitry including the electrode 
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plate unit 20, in other words an electrical characteristic 
or a change in the electrical characteristic between the 
electrode plates 22 and 23. Here, as such an electrical 
characteristic, one can be selected from a voltage, im- 
pedance of resistance or the like, a frequency, and the 
like. 

[0027J According to the embodiment, a characteristic 
value measured by the measuring unit 40 is supplied to 
arithmetic processing means 53 provided in the compu- 
ter 50. The arithmetic processing means 53 analyzes 
the measuring result of the measuring unit 40, and the 
result of the analysis is displayed on a display 55. 
[0028], Next, description will be made for a method for 
detecting biopolymers. which uses the foregoing biopol- 
ymer detector 1 of the embodiment composed as de- 
scribed above. 

[0029] It is known that DNA as a biopolymer emits a 
current substantially equal to the level of an existing 
electroconductive polymer. . 

[0030] Thus, description will be made for a behavior 
of DNA when a solution containing DNA as a solute re- 
stored in the solution reservoir 24 formed betwM * 
e. k - Jde plates 22 and 23 of the biopolymer j.r rsr'er 
i . &i id a voltage is applied between the electroc ~ : *-v-c 
22 and 23. 

[0031 ] Each of FIGs. 2(a) to 2(c) shows a behavior of 
DNA 61 when a DC voltage is applied between the elec- 
trode plates 22 and 23. 

[0032] When a DC voltage is applied between the 
electrode plates 22 and 23, the DNA 61 is pulled in an 
electric field direction shown by an arrow in the drawing, 
and drawn to one electrode plate (the electrode plate 23 
in this case) side. 

[0033] Thus, as shown in FIG. 2(a), probf; DN A 65 is 
fixed to the electrode plate 22, and a solution e.;< .».:«wr. :»£ 
sample DNA 61 as a solute is stored in the soluttu"; 
ervoir 24 formed between the electrode plates 22 arrci 
23. Then, as shown in FIG. 2(b), a DC voltage is applied 
after hybridization reaction. Subsequently, as shown in 
FIG. 2(c), hybridized complementary strand sample 
DNA 61 a is extended because it is coupled to the probe 
DNA 65 at the electrode plate 22 side. However, non- 
complementary strand sample DNA 61b that has not 
been hybridized is drawn to the electrode plate 23 side, 
and contracted. 

[0034] Therefore, in this state, by using the measuring 
unit 40 to measure an electrical characteristic such as 
electrical energy or the like between the electrode plates 
22 and 23, it is possible to detect presence/absence of 
the hybridized complementary strand sample DNA 61a, 
and measure the present amount. 
[0035] Each of FIGs. 3(a) and 3(b) shows the behav- 
ior of DNA 62 when an AC voltage is applied between 
the electrode plates 22 and 23. 

[0036] As shown in FIG. 3(a), a solution containing 
DNA 62 as a solute is stored in the solution reservoir 24 
formed between the electrode plates 22 and 23. 
[0037] When an AC voltage is applied between the 



electrode plates 22 and 23, by a frequency and a voltage 
within certain ranges (1 0 6 V/m, and 1 MHz in the present 
device), as shown in FIG. 3(b), the DNA 62 is drawn 
from a position immediately before the voltage applica- 
s tion to either side of the electrode plates 22 and 23 lo- 
cated nearer in its extended state. In FIGs. 3(a) and 3 
(b) ; a reference numeral 62a denotes the DNA 62 posi- 
tioned not in the electrode plate 23 but in the electrode 
plate 22 side; 62b DNA 62 positioned in not in the elec- 
10 trode plate 22 but in the electrode plate 23 side. 

[0038] Therefore, in the state where the solution con- 
taining the DNA 61 and 62 as solutes in the solution res- 
ervoir 24 formed in the electrode plates 22 and 23, it is 
possible to control the positions of the DNA 61 and 62 
15 by properly using DC and AC voltages to be applied be- 
tween the electrode plates 22 and 23. 
[0039] In addition, accordingly, regarding an electrical 
characteristic, or a change in the electrical characteristic 
of the electric circuitry including the electrode plate unit 
20 20, in other words, an .electrical characteristic or a 
change in the electrical characteristic between the elec- 
trode plates 22 and 23, it is possible to change the elec- 
tpoai characteristic between the electrode plates 22 and 
23 ; between a case containing DNA 61a and 62 in the 
25 solution stored between the electrode plates 22 and 23 , 
and a case containing no such DNA. 
[0040] Now it is assumed, for example, that the e!ec- 
tricaJ characteristic between the electrode plates 22 ar«d 
23 can be measured beforehand in the case containing 
30 DNA 6ta and 62 in the solution stored between the elec- 
trode plates 22 and 23, or the case containing no such 
DNA, and established as a condition for comparison. In 
this case, by relatively comparing the result of measur- 
ing the electrical characteristic in the case containing no 
5* DNA 61a or 62 (or the case of containing such DNA) 
with the result of measurement to satisfy the condition 
for comparison, it is possible to detect the case contain- 
ing no DNA 61a or 62 (or the case containing such 
DNA). 

40 [0041] Next, description will be made for another 
method for detecting DNA, which uses the biopolymer 
detector t of the embodiment, and to which the forego- 
ing DNA position control is applied. 
[0042] Each of FIGs. 4(a) to 4(f) shows a first detec- 
45 tion example by the biopolymer detector 1 of the em- 
bodiment, to which the DNA position control is applied. 
[0043] This detection example is one, where DNA 53 
in the solution stored between the electrode pi&lt.s 22 
and 23 is extended by applying a DC voltage between 
50 the electrode plates 22 and 23, and a distance between 
the electrode plates 22 and 23 is controlled by driving 
and controlling the motor 31, thus detecting various 
DNA 63a, 63b and 63c having different base lengths by 
differentiating them from one another. 
55 [0044] In the detection example, as shown in FIG. 4 
(a), a single-strand DNA probe 66 having a specific base 
sequence is fixed to one of the opposing electrode 
plates 22 and 23, i.e. : the electrode plate 22. 
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[0045] On the other hand, in the solution reservoir 24 
between the electrode plates 22 and 23a, a solution con- 
taining sample DNA 63 denatured into a single strand 
as a solute is stored. As shown in FIG. 4(b), the sample 
DNA 63 is hybridized with the above-described single- 
strand DNA probe 66. 

[0046] Then, an electric field is generated between 
the electrode plates 22 and 23 by driving and controlling 
the power supply unit 10 and, as shown in FIG. 4(c), the 
single-strand DNA probe 66 and the sample DNA 63 de- 
natured into a single-strand are extended. 
[0047] The hybridization of the sample DNA 63 with 
the single-strand DNA probe 66 may be performed in 
the following manner. That is, as shown in FIG. 4(d), a 
DC voltage is applied between the electrode plates 22 
and 23, and the sample DNA 63 is mixed in a solvent of 
the extended single-strand DNA probe 66. Then, hybrid- 
ization reaction is caused between the single-strand 
DNA probe 66 and the sample DNA 63a, 63b and 63c 
in their extended states. Thus, a state like shown in FIG. 
4(c) is realized. 

[0048] In the above state, it is assumed that a distance 
d between the electrode plates 22 and 23 is maintained 
at an initially set distance dO properly set beforehand, 
based on the base lengths of the single-strand DNA 
probe 66 and the sample DNA 63 denatured into a single 
strand. 

[0049] In a state shown in FIG. 4(d), sample DNA 63d 
that has not been hybridized with the single-strand DNA 
probe 66 fixed to the electrode plate 22 is drawn to the 
electrode plate 23 to be deposited. Thus, this sample 
DNA 63d has no direct influence on detection. In other 
words, no washing is necessary in a detection process. 
[0050] Then, in the present detection example, from 
the above-described state, the stepping motor 31 is driv- 
en and controlled to bring the electrode plate 22 closer 
to the electrode plate 23 side for small distances. Ac- 
cordingly, the distance d between the electrode plates 
22 and 23 is reduced for small distances to the initially 
set distance dO. 

[0051] Then, following the reduction of the distance d 
between the electrode plates 22 and 23 like shown in 
FIG. 4(e) or 4(f), electrical characteristics such as a volt- 
age, impedance of resistance or the like, a frequency, 
and the like for each distance are sequentially measured 
by the measuring unit 40. By comparison of time-wise 
changes in the measured values of such electrical char- 
acteristics, or momentary measured values, genes, i.e., 
biopolymers, are detected. 

[0052] FIG. 5 shows an example of a detection result 
obtained from an electrical characteristic between the 
electrode plates 22 and 23, for example the result of 
measuring the current i flowing between the electrode 
plates 22 and 23. 

[0053] This example of the detection result is a simple 
representation of a relationship between the distance d 
between the electrode plates 22 and 23 and the current 
i flowing between the electrode plates 22 and 23 meas- 



ured by the measuring unit 40, the distance d being tak- 
en as the abscissa, and the current i as the ordinate. 
[0054] In FIG. 5, when the distance d between the 
electrode plates 22 and 23 is dO, neither of the tips of 
5 the sample DNA 63 denatured into a single strand and 
the single-strand DNA probe 66 drawn to the electrode 
plate 22 and set in the extended slates as shown in FIG . 
4(c) are not in contact with the electrode plate 23. 
[0055] Accordingly, the current i hardly flows through 
10 the electrode plate unit 20, and the size of the current i 
measured by the measuring unit 40 is iO (nearly 0). 
[0056] Then, the distance d between the electrode 
plates 22 and 23 becomes d1 (d1<d0) } and only the tip 
of the sample DNA 63a having the longest base length 
among the sample DNA 63 shown in FIG. 4(c) is brought 
into contact with the electrode plate 23. Different from 
the sample DNA 63a, when the sample DNA 63b and 
the sample DNA 63c having shorter base lengths are 
not in contact with the electrode plate 23, the current i 
flows through the sample DNA 63a between the elec- 
trode plates 22 and 23, and the size of a current meas- 
ured by the measuring unit 40 is increased from iO to i1 . 
[0057] Then, when the distance d between the elec- 
trode plates 22 and 23 becomes d2 (d2<d1 ), and the tip 
of the sample DNA 63b is brought into contact with the 
electrode plate 23 in addition to the sample DNA 63a as 
shown in FIG. 4(e), the current i also flows through the 
sample DNA 63b between the electrode plates 22 and 
23, in addition to the sample DNA 63a. Accordingly, the 
size of a current measured by the measuring unit 40 is 
increased from i1 to i2. 

[0058] Then, when the distance d between the elec- 
trode plates 22 and 23 becomes d3 (d3<d2), and the tip 
of the sample DNA 63c having a shorter base length is 
brought into contact with the electrode plate 23 in addi- 
tion to the sample DNA 63a and the sample DNA 63b, 
the current i also flows through the sample DNA 63c be- 
tween the electrode plates 22 and 23, in addition to the 
sample DNA 63a and 63b. Accordingly, the size of a cur- 
rent measured by the measuring unit 40 is increased 
from i2 to i3. 

[0059] Then, when the distance d between the elec- 
trode plates 22 and 23 becomes d4 (d4<d3), and the tip 
of the DNA probe 66 having a further shorter base length 
is brought into contact with the electrode plate 23 in ad- 
dition to the sample DNA 63a, 63b and 63c as shown in 
FIG. 4(f), the current i also flows through the DNA probe 
66 between the electrode plates 22 and 23, in addition 
to the sample DNA 63a, 63b and 63c. Accordingly, the 
size of a current measured by the measuring unit 40 is 
further increased from i3 to i4. 

[0060] In FIG. 5, the size portion of the current i indi- 
cated by A represents a signal portion by the sample 
DNA 63a, 63b and 63c. The size portion of the current 
i indicated by B represents a signal portion by the DNA 
probe 66. 

[0061 ] As a result, for example, depending on the size 
of the current i through the electrode plate unit 20 and 
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the time-wise change, presence/absence or the amount 
of the sample DNA 63a, 63b and 63c having different 
. base lengths or the like can be calculated. Also, depend- 
ing on the distance d between the electrode plates 22 
and 23 when a conspicuous change occurs in the size 
of the current i, the base length or the like of each sample 
DNA 63a, 63b and 63c can be calculated by the arith- 
metic processing, means 53 provided in the computer 
50. 

[0062] Each of FIGs. 6(a) to 6(d) shows a second de- 
tection example by the biopolymer detector 1 of the em- 
bodiment, to which the foregoing DNA position control 
is applied. 

[0063] In this detection example, as shown in FIG. 6 
(a), sample DNA 64 propagated by the polymerase 
- chain reaction (PCR) is injected and stored in the solu- 
tion reservoir 24 formed between the electrode plates 
22 and 23, and a high frequency voltage (AC voltage) 
of, e.g., 10 6 V/m and 1 MHz is applied by driving and 
controlling the power supply unit 10. 
[0064] Accordingly, as shown in FIG. 6(b), the sample 
DNA 64 is drawn from a position immediately before the 
voltage application to either side of the electrode plates 
22 and 23 located nearer in an extended state. 
[0065] In the detection example, from this state, the 
stepping motor 31 is driven and controlled to bring the 
electrode plate 22 closer to the electrode plate 23 side 
for small distances, and the distance d between the 
electrode plates 22 and 23 is reduced to the initially set 
distance dO for small distances. 

[0066] Then, following the reduction of the distance d 
between the electrode plates 22 and 23 as shown in 
FIG. 6(c) or 6(d), electrical characteristics such as a volt- 
age, impedance of resistance or the like, a frequency, 
and the like for each distance are sequentially measured 
by the measuring unit 40. By comparing time-wise 
changes in the measured values of such electrical char- 
acteristics, or momentary measured values, genes, i.e., 
biopolymers, are to be detected. 

[0067] FIG. 7 shows an example of a detection result 
obtained from the result of measuring an electrical char- 
acteristic signal between the electrode plates 22 and 23. 
[0068] Also in this case, if only sample DNA 64a hav- 
ing a constant base length is present as sample DNA 
64, a conspicuous increase occurs in a measured value 
D by changing the distance d between the electrode 
plates 22 and 23. Specifically, a conspicuous increase 
A appears in the measured value D of an electrical char- 
acteristic signal between the measured value D1 of the 
electrical characteristic signal when the sample DNA 
64a provides no bridge between the electrode plates 22 
and 23 as shown in FIG. 6(b) and 6(c), c-.od the size D2 
of the electrical characteristic signal when the sample 
DNA 64a provides a bridge between the electrode 
plates 22 and 23 as shown in FIG. 6(d). 
[0069] For example, when there are one or two places 
of such conspicuous increase A portions, it indicates 
that only the DNA 64 having a constant base length is 



present, making it possible to confirm the success of 
PCR. 

[0070] When there are no such conspicuous increase 
A portions, it indicates that no DNA are present between 

5 the electrode plates 22 and 23. In addition, when there 
' are three or more such conspicuous increase A por- 
tions, it indicates that DNA 64a } 64b, —having different 
base lengths present in a number equal to the number 
of such conspicuous increase A portions. 

10 [0071] Further, in the biopolymer detector 1 oftheem- 
bodiment, by varying temperatures at the heater 32, the 
amount of DNA hybridized/non-hybridized at each tem- 
perature is measured for also making it possible to 
measure a single-strand dissociation temperature of 

15 DNA. 

[0072] In the measurement and detection by the bi- 
opolymer detector 1 of the embodiment, the sample 
DNA 61 to 64 can be measured and detected in their 
unmodified states. To increase sensitivity, however, the 

20 sample DNA 61 to 64 may be modified by an organic or 
inorganic material such as fluorescent dye or the like, 
by applying an external stimulus or the like. 
[0073] The biopolymer detector 1 of the embodiment 
is composed in the foregoing manner. However, the 

25 structure of the power supply unit 1 0 as voltage supply- 
ing means, the structure as electrode driving means in- 
cluding the rotation/linear motion conversion mecha- 
nism 29, the deceleration mechanism 30, the mote? 
and the like, and the detection structure of the measu ■ 

30 jng unit 40 as measuring means, are not limited to the 
foregoing structures. Various modifications can be em- 
ployed, for example by using a linking mechanism as 
electrode driving means : or by using an electromagnet 
in place of the motor, and others. 

35 [0074] According to the biopolymer detector of the in- 
vention, presence/absence of biopolymers such as 
DNA, RNA, protein or the like, a present amount, or a 
concentration in a sample can be easily measured with- 
out modifying the biopolymers. 

40 

Claims 

1 . A biopolymer detector comprising: 

45 

voltage supplying means (10) for applying a 
voltage between two electrodes (22,23) of a 
casing (21) for housing biopolymers between, 
the electrodes; and 
50 measuring means (40) for measuring an elec- 

ttirnl characteristic between the electrodes 
(22,23) or a change in the electrical character- 
istic. 

55 2. A biopolymer detector according to claim 1 , further 
comprising: 

electrode driving means (26 - 31 , 52) forchang- 
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ing a distance between the electrodes (22,23). 

3. The biopolymer detector according to claim 1 or 2, 
wherein the voltage supplying means (10) selec- 
tively supplies AC or DC voltages. 5 

4. The biopolymer detector according to any one of 
claims 1 to 3, wherein the measuring means (40) 
further includes arithmetic processing means (53) 

for calculating one selected from presence/ab- 10 
sence of biopolymers between the electrodes 
(22,23) or a present amount, a base length, a con- 
centration, a rate of hybridization, and an amount 
of hybridization based on a measuring result of the 
electrical characteristic, alternatively a change in 15 
the electrical characteristic. 

5. The biopolymer detector according to any one of 
claims 1 to 4, further comprising: . 



heating means (32) for applying heat to the 
electrodes (22,23) to dissociate hybridized bi- 
opolymers between the electrodes into a single 
strand. 



20 



25 



6. A method for detecting the presence/absence of a 
biopolymer (65) in a sample and measuring a 
present amount or concentration of the biopolymer, 
wherein the biopolymer (65,66) is arranged be- 
tween two electrodes (22,23), a voltage is applied 30 
between the two electrodes and an electrical char- 
acteristic or a change thereof is measured. 

7. The method of claim 6, wherein the electrical char- 
acteristic is measured firstly in absence of the bi- 35 
opolymer and thereafter in presence of the biopol- 
ymer between the electrodes and the result of such 
measurements are compared. 

8. The method of claim 6 or 7, wherein the electrical 40 
characteristic or change thereof is measured in 
presence of biopolymer between the electrodes in 
different distances therebetween. 



45 



50 



55 
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pable of performing overall analysis including an unre- 
acted sample without needing any complex work such 
as washing or the like. A DNA probe 65 is fixed to an 
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plates 22 and 23. Thus, sample DNA 63 to be detected 
can be separated. It becomes possible to obtain a clear- 
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entire reaction system. 
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